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ENHANCED NO. TRAP HAVING INCREASED DURABILITY 

BACKGROUND OF THE INVENTION 

Tl« present inventionrelatestoacatalystcontainingacatalyucm^^ 
5 exha«stgasstxean.,especianythoseemaBatiBgfiomleaa4,um^^^ 

of and using the same. More specifically, the present invention provrdes a 

cataly..containingacatalytictrapwhichabatesNO.intheexha«ststre«^ 
S and exhibits enhanced durability after aging at high temperature and lean operation 

UJ conditions. 
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. .1 ^ ^..ninoc niv>r»ted at or near 



Hi 



conversionrivv'- ' . * J„t«rn«l^ 

( W) and hydrocarbon ( W poUutants in the exhaust of eng««s operated at or near 

^ ,5 toichiometricair/f.elconditions.T^cpreciseproportionofairtoft.1^ 

stoichiorne^cconditionsvaries^ththerelativeproportionsofcarbon^^^^^^^ 
the fuel. An air-to-fuel ("A/F") ratio of 14.65:1 (weight of air to weight of fuel) « the 
^ichiometric ratio corresponding to the combustion of a hydrocarbon firel. such as 
gasoline. withanaverageformulaCH... n,e symbol Us thus used to rep«sent the 
20 resultofdividingaparticularA/Fra.obythestoichiometricA/Fra.ofora^^^^ 

sothatX = lisastoichiometricmixture,X>lisafuel4eanmixtureandX<lrsaf^^^ 

"'"^es.especianygasoline-ft«ledenginestobeusedfor^^^^^ 

and the like, are being designed to operate under lean conditions as a fUel economy 
25 measure. Suchf.tureen^esarereferredtoas.ean-burnen^es^Tl^.>er^^^^ 

of air to fi.el in the combustion mixtures suppUed to such engines « mamU^med 
considerably above the stoichiometric ratio (e.g.. at an air-to-fuel weight mtro of 18:1) 
so that the resulting exhaust gases are "lean". i.e.. the exhaust gases are relat.vely hrgh 
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.. ^„_j TWC raOlysB are not eBective for redocmg 
NO »a»,on.fe»s«b««i«=b»»m.of«o«siv.oxyg»i.«»»l»^ TVpn« 

brief pcriod»of««l*h«pm^»(»«.-«"*»I»««"'"»^"°°'""'^^^ 

Z^,^ „d *e Mced NO. during ^ He- (.W-nch, penod, of 

JZ D»i.g^ofricMo.s»i*o=«io)o.»«i<.=.*«--"«3^ 
ofIc«aly.«<0.»d»«p™»o«s'b."d»cdo.ofNa»ni»«»l>y"-"»«™^ 

" d of NO. *.n«= (»*««) 

oxide. ».h«o»desotC..Sr«.dB:^-M,«Blo»d»s»h3,o«d«ofK^*U 
rdC.^,a,ee..d.-«..«xides»e.a,o.ide,ofCe,I*Pr»dNdi.— o. 

. <», exampte. « "'"'^ ,^ 

e„,.„„,4.B«.53-57,»exe..pU»,compo,WonU<,.»ribeda.e««an«ngb^^^ 

.U^U.e«l.me»l)».i.pUdn~e«.^ T*ep.bUcario.£m«»»«»'C«^ 
^„.B.».r ro,«.«<L»-. P^eeedlng^ofd. ,.Worid<W.»a,P,»..»t..M^ 
,.5 1»5 p„bU*edb,a.eSo.ie»CbMtoI»li».ofRon,e.It.l,b».-P^=«-4« 
of,^p„^Uc«io.a.««ole.-ed7^«^<>»=^^-'^'^'^*-';-''— 

ai^elose, «K pre,»«io. ,f of «» We de»nW in »e •'°™»'"°™^J^^ 

p.^, 5,473.8«7 and »i.g d»» ca«.,« NO. puriBe.^0. of .c««i 

^ ^ -de, oxidi^ (.e».) "d educing (rich o. s»,elno.«mc) 

^«orTheeone,»s.o.isd»«.ind.l.»»«e.ceo.p.ge«.d«.NO.»«^»^ 

i.«„ea»i,s,™*roxidi^co.di,i.«.nd«^*e«o,edNO.™d».redu^» 
Lgentder s-oidnon^c and educing eondido.,. A s-a, W .no^ deeded 
, lL„Ucon-»dinSAEP.pe,««»»P»«*=>«^'»'^^'«*°f*— 
B=gi«e«...e..Wa™^e,P.,«-.«ided;,e«,»^«»/A'™Co»e^"«'-»"^ 
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theInten«^onalCong.essandExposition,Dem>it.Mich..Feb. 27-Mar. 2^995. 

usefulforlhetreatmentofexhaustgasesftomiBten^combustioaen^^^^ 

US Patent 5.874.057discloses a method of NO, abatemeat utilizmg a 
compositioncomprisiBgaNO,abatementcatatystcon.prisingpl^^ 
at leastone other platinum groupmetal catalyst whicbis^eptse^gated 
sorbentmaterial. Il.e NO. soxbent arterial may be one or more of o«des. carbonates, 
hydroxides andmixedoxidcsof one or moreofUthium. sodium, potassium, rubrdr^ 

magnesium, calcium, strontium and barium. 

Prior art catalysts as described above have a problem in practical appb<^tion, 

particularly ^en the caUdysts are aged by exposure to high temperatures and lean 
^.ating conditions, because after such ex^ure. such catalysts show a n^ed 
dlreaseincatalytic activity forNO^reduction. particularly atlowtempera.^^ 

350°C)andhightemperature(450to600oC)operatingcondit.ons. 

U.SPatent5.451.558disclosesacatalyticmaterialforthcreductionofNO,ftom 

a turbine in a power generating stack, although the patent al«, refers at column l^hnes 
13-14 generaUytoaprocessandapparatusforreducingpoUutants-Vhichareprodu^^ 

bycombustionofhydrocarbonsorhydrogeninanengineorboUer.andprimari^^ 
tu^ine" Mdisclosedatcolumn2.1ines2307.theturbineexhaustgasesarec^^^^^ 
therangeof250to500<>F(aboutl21to260«C)beforecontactingthecatalytic/^^^^ 
material(column2.1ines 23-37) and^eoxidationisstated(column2.h^^^ 
occurattemperaturesintherangeofl50toabout425»F(66to218oC).mostpreferab.y 

in the range of 175 to 400»F (about 79 to 204OC). ^ catalytic species compnses an 
oxidationcatalystspecieswhichmaycomprisevariousmetalsindudingpl^ 
metals(seecolumn3,line67throughcolumn4,line3)depositedonahrghsurface^ 
supportwhichmaybeWeofalumina,zirconia,titania.silicaoracombmat.onoft^ 

or more of these oxides " The catalyst-containing high surface area support rs coa^ 
with an adsorbent species which may comprise -at least one allcaU or alkahne ear^ 
) compound,whichcanbeahydroxidecompound.bicarbonatecompound.orcarbonate 

com^und,ormixtures" thereof At column 3. lines 16-22. the "carbonate coatmg .s 
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said to be a "lithium, sodium, potassium or calcium carbonate, and presently the 
preferred coating is a potassium carbonate." At column 4. lines 28-31, however. « . 
stated that the absorber comprises "most preferably sodium carbonate, potassium 
cart^nateorcalciumcarbonate." Thehighsurfeceareasupportcontainingtheoxidatton 
species and adsorbent may be coated onto "a ceramic or metal matrix structure" as a 
carrier, see column 4, lines 12-20. ^ 

in the '558 patent, the catalytic material is appUed to the earner by coatmg the 
carrierwith.e.g..platinum-impregnatedalumina,andthenwettingtheal^ 

or alkaline earth carbonate solution, and then drying fl^^ 
carriermaybealuminabeadsoramonolithicceramicorstainlesssteelsupport. The 

^ of a metal monoUth support for the catalytic/adsorbent material is suggested at 
column 5, lines 48-58. Tl^re is no suggestion in the '558 patent of criticality of^nor rs 
anyimportanceassignedto.thetypeofsubstrateorhighsurfi«.areasupportto 

with a particular adsorbent species. In ^ as noted above, silica is one of four h.gh 
surfaceareasupportstaughtforusewithcompositionspreferablyincludinga^^^^ 

carbonate adsorbent. 

WO 01014046 discloses a catalytic trap effective for conversion of NO, m an 
exhaust gas stream which is substantially free of silica components and includes a 
catalytictrapmaterialcontainingarefractorymetaloxidesupport,e.g..alumm^ 

dispersed thereon a catalytic component, such as a platinum group metal catalytic 
component. andaNO^sorbentcomprisedofoneormorebasicoxygenatedcompoun^ 
ofpotassium. TT.e catalytic trap material is coated onto a suitable carrier member such 
as one made from stainless steel, titanium, alumina, titania. zirconia or silica-leached 
cordierite WO 01014046 also discloses a method of treating a NO.-contaimng gas 
streamwhichinvolvesmaintainingthegasstreaminalternatingperiods^^ nch 
or stoichiometric conditions andcontactingthegasstreamwiththecatalytictrap^^^^ 

conditions in .^ch NO, is adsorbed during periods of lean operation and released and 

reduced to nitrogen during periods of rich operation. 

U S Patent5.837.212disclosesanitrogenoxidetrapcomprisingaporous support 

a andcatalystsconsistingofmang^cseandpotassiumontheporoussupport.Tlie'^^^ 
patent indicates that by combining manganese with the potassium, it is possible to 



elinunate a catalytic component, such as a platinum gcoup metal catalytic component, 
therebyeffectingcostsavings. WOOO/61289 andWOOO/67904 are to the same effect 
However,thecostsavingsachievedbyeliminatingtheplatinumgroupmetalcompon^^ 
axe short-Uved since theresultantcatalytictrapisnotdurableanddeterioratesrelatt^^^^ 
quicklyaflerexposuretohightempen.tureengineoperationswhichperiodicaUy^^ 
betweenleanandstoichiometricorrich.Tlieimtialcostsavingsderivedbyavoidmgthe 

use of precious metal components are more than overcome by the material and labor 
costs associated with frequent replacement of such catalytic trap. 

SUMMARY OF THE INVENTION 
Generally, the present invention relates to a catalytic trap member having 
disposedthereonacatalydctxapmaterialcomprisingacatalyticcomponenteffectn.efor 

thereductionofNO^andaNO^sorbentcomprisinganalkalimetaloxideand/oralk^^ 

earth metal oxide and a manganese component 

Specifically, in accordance with the present invention, there is provided a 
catalytic trap for conversion of NO. in an exhaust gas stream generated by an mtemal 
combustion engine whichis periodically alternatedbetweenlean and stoichiometnc or 

rich conditions, the catalytic trapcomprisingthefoUowingcomponents:(i)arefrac^^^ 
«etal oxide support,(ii)acatalyticcomponenteffective for promoting thereducti^of 
NOunderstoichiometricorrichconditionsoftheexha„ststreamand(iii)aNO.sorbent 

effii^tive for adsorbing NO, under lean conditions of the exhaust gas stream and 
desorbing NO, under stoichiometric or rich conditions of the exhaust gas stream and 
comprising analkali metal oxide and/or analkalineearthmetal oxide andaman^ 
component The catalytic trap is disposed on a refractory carrier member. 

DETAILS OF THE INVENTION 
The present invention pertains to a catalytic trap for abatement of NO, in an 
exhaust gas stream which is generated by an internal combustion engine which « 
operatedwithperiodicalternationsbetweenleanandstoichiometricorrichcondttto^^ 



The catalytic trap of the invention comprises: 
(A) a catalytic trap material comprising: 

(i) a refractory metal oxide support; 

(ii) acatalyticcomponenteffectiveforpromotingthereductionofNO^undfir 

stoichiometric or rich conditions; and 

(iii) aNO,sorbenteffectiveforadsorbingtheNO.underleanconditionsand 

desorbing and reducing theNO^to nitrogenunder stoichiometric or rich 
conditions, comprising: 

(a) a metal oxide selected ftom the group consisting of alkali metal 
oxides, alkaline earth metal oxides and mixtures of one or more 
alkali metal oxides and alkaline earth metal oxides; and 

(b) amanganese component selected from the group consisting of (1) 
a manganese oxide. (2) a mixed oxide of manganese and a 
transition metal and/or a rare earth metal. (3) a compound of an 
alkali metal and a manganese oxide, (4) a compound of an 
alkaline earth metal and a manganese oxide and (5) mixtures of 
the foregoing oxides and compounds; and 

(B) a refractory carrier member on which the catalytic trap material is disposed. 

The present invention also pertains 1» a process for abatement of NO, m an 
exhaust gas stream which is generated by an internal combustion engine which « 
operated withperiodicaltemationsbetween leanand stoichiometric or rich conditions, 
comprising locating the above^escribed catalytic trap in an exhaust passage of the 
engine and treatingthe exhaust gas stream with a catalytic tmp whereby at least some 
oftheNO intheexhaustgasstreamisadsorbedbythecatalytictrapduringthepenods 
ofleanconditionsandisdesorbedfromthecatalytictrap and reduced to nitrogen dunng 

the periods of stoichiometric or rich conditions. 

The present invention also pertains to a method for rejuvenating an "aged", i e.. 

a spent, catalyst which contains: 



(A) a catalytic trap material comprising: 

(i) a refractoiy metal oxide support; 

(ii) acatalyticcomponenteffectiveforpromotiiigthereductionofNO^under 

stoichiometric or rich conditions; and 

(iii) aNO. sorbent effective for adsorbing the NO. under lean conditions and 
desorbing and reducing the NO. to nitrogen under stoichiometric or rich 
conditions, comprisinga metal oxide selected from the group consisting 
of alkali metal oxides, alkaline earth metal oxides and mixtures of one 
or more alkaU metal oxides and alkaline earth metal oxides; and 

(B) a refractory carrier member on which the catalytic tmp material is disposed. 

The spent catalyst is easUy and economically rejuvenated by post-impregnating 
suchspent catalyst with an aqueous solution ofamanganesecomponentcomprising:(a) 

a manganese salt . e.g.. manganese nitrate, acetate, sulfete. hydroxide, etc. or (b) a 
combinationofsalts of manganese andatransitionmetaland/orarareearthmetalorCc) 

acombination of saltsof manganese andanalkah metal or(d)acombinationof salts of 
.nanganese and an alkaline earth metal or (e) mixtures of the foregoing salts. Thereafter, 
the post-impregnated catalyst is dried (e.g.. at 110°C for one hour). foUowed by 
calcination of the post-impregnated catalyst (e.g., at SSO'C for one hour). The 
rejuvenated catalyst exhibits the same level of performance in abating NO„ CO and HC 
poUutants in the exhaust of engines operated at high temperature and lean operating 
conditions as exhibited by freshly prepared catalysts of the invention in which a 
manganese component is part of the NO. sorbent. 

The refractory metal oxide support is preferably porous in nature and has a high 
surface area such as alumina, preferably gamma-almnina. Other suitable support 
.naterialsinclude titania.titania-alumina.zirconia,zirconia-alumina.baria-aluminaand 
titania-zirconia. Such support materials, useful for carrying catalyst components, are 
weU known in the prior art. The choice of the support material is not critical to the 
ii^ention. Desirably, the refractory metal oxide support wUl have a surface area of 
between about 5 and about 350 mVg. Typically. &e support will be present m the 
amount of about 1.5 to about 5.0 g/in3. preferably 2 to 4 g/in'. 
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For the purposes of the present inveation the catalytic component pxefeiably 

comprises a precious metal component, i.e.. a platinum group metal component 
Suitablepreciousmetalcomponentsincludethoseofplatinum.palladium,rhodiumand 

nuxturestbereof. Preferably, the precious metal component comprises platmum which 
is present in an amount of at least about 20% by weight of the total amount of precious 
metal components, n^e catalytic component will typically be present in an amount of 
about 20 to about 200 g/ff. preferably 50 to 150 g/f^. 

Component (a) of liie NO, sorbent employed in the catalytic trap of the present 
i,wentioncomprisesoneormore alkali metal oxides, alkaline earth metal oxides, or a 
n^ofoneormorealkaUmetaloxidesandoneormore alkaline earth metal oxides. 
Suitable alkali metal oxides include oxides of potassium, sodium, lithium, cesium and 
mixtures thereof Preferably, component (a) comprises potassium oxide. 

The alkaU metal oxide, if present, is typically employed in an amount of about 
005toabout0.75g/in3.p«ferably 0.1 to 0.5 g/inMf component (a) of the NO. sorbent 
contains an alkaU metal oxide, it is preferred that neither silica nor any siUceous 
compound be present in the catalytic trap material or in the refractory earner member. 

Suitable alkaline earth metal oxides include oxides of barium, magnesium. 
calcium.strontium,zincandmixturesthereof Preferably, the alkaline earth metal oxide 
comprises barium oxide. THe alkaline earth metal oxide, if present, is typically 

employed in an amount of about 0.1 to about 3 g/in^ preferably 0.5 to 2.5 g/m^ 

Component (b)of the NO. sorbent employed in the catalytic trap of the present 

inventioncomprisesamanganesecomponentwhichisselectedftomthegroupconsu^t^ 
of(l)amanganeseoxide.(2)amixedoxideofmanganeseandatransitionmetal and/or 

a rare earth metal, (3) a compound of an alkali metal and a manganese oxide and (4) a 
compound of an alkaline earth metal and a manganese oxide and (5) mixtures of the 
foregoing oxides and compounds. . Component (b) will typically will be present m the 
amount of about 0.05 to about 0.5 g/in'. preferably 0.1 to 0.3 g/in'. 

Suitable manganese components include (1) manganese oxides such as MnO. 
Mn30.Mn,03.Mn0.andMn,0,(2) mixed oxides of manganese and transition metals 

and/or rare earth metals such as zirconium, titanium, tin. lanthanum, neodymium. 

niobium, praseodymium. etc.;(3) compounds of amanganese oxide and an alkali metal 
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xnc i^u»j r eteeL titanium, Fecralloy, 

»<»^. I— -"-^ 

stauuizeocauuy uocOSft'rmav be sustained inihe catalytic 

cuttechnique is utilized, temperaturesaslnghas 950 Cmaybe sustain 
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ottne engine Once the engine is warmed up, the 

provide for efficient cold start emission control. Once the engm 

.« .Mr CO and NO, from the exhaust gas stream during 

catalytic trap. The catalytic trap is penooicauy u 

nitrogen under periods of stoichiometric or rich engine operatioa 
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If desired, a catalytic device containing a TWC catalyst may be enq,loyed 
downstream of the catalytic trap of the invention. Such catalytic device ^vill serve to 
remove further amounts of HC and CO fiom the exhaust gas stream and. in particular, 
will provide for efficient reduction of the NO, to nitrogen under penods of 
stoichiometric or rich engine operation. 

The several components of the catalytic trap material may be appUed to the 
refractory carrier member, i.e., the substrate, as a mixture of two or more components 
or as individual components in sequential st^ in a mamier which will be readrly 
apparent to those skilled in the art of catalyst manufacture. A typical method of 
n^mufacturing the catalytic trap of the present invention is to provide the catalytic trap 
n^terial as a coating or layer of washcoat on the walls of the gas-flow passages of a 
suitable carrier member . This may be accompUshed, as is well known in the art. by 
impregnating a fine particulate refractory metal oxide support material, e.g.. gamma 
alumina, with one or more catalytic metal components such as a precious metal. r.e., 
platinum group, compound or other noble metals or base metals, drying and calcmmg 
the impregnated support particles and fonning an aqueous slurry of these particles. 
Particles of a bulk NO, sorbent may be included in the slurry. Alternatively, the NO. 
soibent may be dispersed into the support, preferably in a post-dipping operation, as 
described below. Activated alumina may be thermally stabilized before the catalytic 
components are dispersed thereon, as is weUknownin the art. by impregnatingit with, 

e g a solution of a soluble salt of barium, lanthanum, rare earth metal or other known 
stabilizer precursor, and thereafter drying (e.g.. at llO^C for one hour) and calcmmg 
(e g at 550»C for one hour) the impregnated activated alumina to fonn a stabihzmg 
metiloxidedispersedontothealumina. Base metal catalysts may optionally also have 
been impregnated into the activated alumina, for example, by impregnating a solution 
of nickel nitrate into the alumina particles and calcining to provide nickel oxide 
dispersed in the alumina particles. 

The carrier may then be immersed into the slurry of impregnated activated 
alumina and excess slurry removed to provide a thin coating of the slurry on the walls 
of the gas-flow passages of the carrier. THe coated carrier is then dried and calcined to 
provide anadherentcoatingofthecatalyticcomponentand.optionally,thecatalytictni^ 
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„^terial.tothewallsofthepassagesthereof. The earner may then be u«mersed mto a 
slurry of fine partieles of eomponent (a) of the NO. sorbent as a second or overlayer 
coatingdepositedoverthelayerofcatalyticcomponent Amanganese component,e.g., 
a solution of a manganese salt such as manganese nitrate, acetate, sulfete. hydroxid^ 
etc «aybecombinedwiththesluiryofcomponent(a)oftheNO.sotbent oritmaybe 
appUedasathird or overlayer coatingdepositedoverthe second layer of componentCa) 

oftheNO,sort«nt. The carrier is thendriedandcalcinedtoprovideafinishedcat^ 
trap member in accordance with one embodiment of the present invention. 

Alternatively, the alumina or other support particles impregnated with the 
catalytic component may be mixed withbulkorsupportedparticles of theNO^sorbent 

in an aqueous slurry, and this mixed slurry of catalytic component particles and NO, 
sori^entparticlesmaybeappliedasacoatingtothewallsofthegas-flowpassagesofthe 

carrier. Preferably.however. for improveddispersionoftheNO,sod,ent. the wa*^^ 

of catalytic component material, after being dried and calcined, is immersed (post- 
dipped) into a solution of a component (a) of the NO, sorbent precursor compound (or 

complex) and a manganese precursor compound (or complex) to impregnate the 
^oatwiththeNO^sorbentprecursor. TT.e impregnated washcoat is then drxed and 
calcined to provide the NO, soibent dispersed throu^out the washcoat. 

Separate discrete layers of washcoat may be appUed in successive 
ixnptegnating/drying/calcining operations, e.g.. to provide a bottom washcoat layer 
containingaplatinumcatalytic component inabottom washcoat layer andapallad^ 
and/orrhodiumcatalyticcomponentinatopwashcoatlayer. TlieNO,soxbentmay be 

dispersed by impregnation into both the top and bottom layers. 

to use. the exhaust gas stream which is contacted with the catalytic trap of the 
present inventionisalternatelyadjustedbetweenleanandstoichiometric/richopem^ 

conditions so as to provide alternating lean operating periods and stoichiometnc/nch 
operatingperiods. It will be understood diat the exhaust gas stream being treated may 
beselectivelyrenderedleanorstoichiometric/richeitherbyadjustingtheair-to-fu^^ 
fed to the engine generatingthe exhaust orby periodically injectingareductant into t^ 

, gas stream upstream of the catalytic trap. For example, the composition of the present 
invention is weU suited to treat the exhaust of engines, including diesel engines, which 
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continuouslynmlemIns«chcase,inordertoestablishastoichiometri^^^ 
period, a suitable reductant, such as fuel, may be periodically sprayed iBto the exhaust 
^mediately upstream of the catalytic trap of the present invention to provide at least 
local (at the catalytic trap) stoichiometric/rich conditions at selected intervals. Part^ 
lean-b«n.engines.suchaspartiallean-burngasolineengines.aredesignedvrith 

which cause them to operate lean with brief, intermittent rich or stoichiometnc 



conditions. 



tons. 

TliefoUowingnonlimitingexamplesshallservetoillustratethepresentmvention 
and its advantages over the prior art. 



10 Fv ^mple 1 . 

A reference catalytic trap A was evaluated after aging for 12 hours at 850 C m 

alOo/osteam/airmixture. Catalytictrap A contained about 125 g/ff of a combination 
ofPt,PdandRhpresentinaratioof 18/6/1. m combination ofthe three metals were 
depositedonagamma-aluminasupportwhichintumwasdepositedonastainless steel 
15 substratefoUowedbydryingatllO»Cforonehourandcalciningat550-Cforonehour. 
The same slurry was apphedonthecoatedcatalyst such thatihe total washcoat load.^ 
was about 4 g/in'. Thereafter, catalytic trap A was post-impregnated with a NO. 
sorbent consisting of 0.15 g/in^ BaO and 0.45 g/in' K.O such that the total wa^at 
loadingwasabout4.6 g/in^ Catalytic trap A was evaluated in a laboratory reactor 
20 „singagasstreamcontaining500ppmNOata40.000spacevelocitybetween300and 
600-C at SOOC intervals. The NO. conversion was measured by lean/rich cychng. THe 
cyclewasleanatM.5forlminutefollowedbya6secondregenerationatX0.86. The 

percent of NO. conversion was measured by averaging the NO. conversion obtamed 
from 8 cycles at temperatures between 300 and 6000C at 50°C intervals. Such 

25 evaluation procedure is known the Lean NO. trap conversion test which provides ^ 
overaU NO. conversion. THe test also included a capacity measurement obtamed by 
regenerating the NO. trap at rich conditions of X 0.86 for 1 minute foUowed by lean 
conditions at X 1.5. The NO. trap capacity was measured at 80-/. NO. conversion at 
temperatures between 300 and 6OOOC. Catalytic trap A exhibited moderate NO. 

30 conversionbutpoorNO.capacityasmaybeseenfiomtheresultsin Table 1. 
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Fvam ple 2 

The aged catalytic trap of Example 1 was post-impregnated with an aqueous 
solution of Mn(N03), followed by drying at 1 lO^C for 1 hour and calcination at 550»C 
forlhour. 'n.e^4nO,pickupwas0.2g/in^ TOscatalytictrapB wasagedagamfor 12 
5 hoursatSSOoCinalO^steam/airmixture.Thus.catalytic.xapBwasagedfora^^^ 
of24hoursascomparedtol2hoursinthecaseofcatalytictrapA. Catalytic trap B was 
evaluatedinthesamemannerasthatsetforthinExamplelforcatalytictrapA. Asmay 

be seen ftom the results set forth in Table 1 . the performance of catalytic trap A was 
.juvenated by the application of the MnO. Thus, rejuvenated catalytic trap B was 
10 superior to reference catalytic trap A. 

TABLE 1 

NO. Capacity (g«-) NO. Capaciity (g/L) 
T^A,perc«U Trap B. percent TrapAat80% J.^^^ 



15 300 12 

400 43 

450 59 

500 70 

550 78 



10 0 

57 0 

95 0.05 

92 0.15 

80 0.3 



0 

1.1 
2.1 
1.5 
0.75 



^1 catalytic traps were prepared with the ^e composition as set forth ir. 
ExampleUeachtraphadawashcoatloadingof about 4g/in'arKipreciom metal o^ 

g/in' in a ratio of 14/10/1 . Reference catalytic trap C contained no "-^^^ 
while catalytic trapDwasmodifiedby the additionofanaqueoussolutionofVNNO,). 

followedbydryingandcalcinationasdescribedinExample2. The MnO. pickup for 
catalytic trapDwas0.2g/in' Both traps were aged for 12 hours and evalua^ as^ 
forth in Example 1 . As may be seen ftom the results set forth in Table 2. catalytic tiap 
D was superior to reference catalytic tiap C. 
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TABLE2 

NO, Capacity (g/L) NO, Capacity (g/L) 

Tran C oeicent Trap D. perceat Trap Cat 80% Trap D at 80% 

300 22 22 0 0 

400 50 80 0 2.1 

450 62 98 0.05 2.8 

500 78 92 0.25 19 

550 81 79 0.65 0.65 



A mangaBese-containing NO, trap was prepared with 75 g/tf of precious metal 
CTKT ) comistiiig of R and Rh in the ratio of 5 Pt to 1 Rh. The maiiganese was present 

asacomposite with zirconia in the ratiooflMnto2Zr. The loading ofthe composite 
was 1.6 g/in^ Barium and strontium were used as the trapping agents; the banum 
loading was 0.7 g/in' and the strontium loading was 0.15 g/in^ For comparative 
purposes, a second sample containing no PM was prepared. 

Thesampleswereevaluatedinthefreshstate. Thereafter, the samples were aged 
in a fumace at a temperature of 750»C for 12 hours in flowing nitrogen containing 10% 
steam. FoUowing the aging procedure, the samples were re-evaluated. The evaluation 
consisted of a lean/rich cycle in which the lean segment had a stoichiometry of X - 1 .3 
for 60 seconds and the rich segment had a stoichiometry ofX = 0.9 for 6 seconds. The 
totalconversionofNCwasusedasthemeasureofperformance. The performance data 

are set forth in Table 3 below. 
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TABLE3 

Fr^fth Sample 

NO.Perfonnance NO, Perfonnance 

307 ^5 

331 ?>3.7 

355 93.4 

379 90.1 



402 82.6 

297 

325 

353 

376 

399 

421 



302 73.5 

327 92.5 

351 96.1 

374 96.3 

396 94.3 
294 
320 
348 
372 
395 
418 



48.2 
81.2 
83.7 
79.6 
76.1 
66.9 



Aped Sample 



0.0 
1.6 
8.1 
15.0 
10.8 
9.9 



As may be seen fiom the results set forth in Table 3 above, NO, performance was 
poor for the fresh sample containing no PM component as compared with the fresh 
sample containingthe PMcomponent The difference inNO, performance is especially 
dramatic when comparing an aged sample containing no PM component versus the aged 
samplecontainingaPMcomponent. These results clearly indicate that aPM component 
must be present in the sample, whether fresh or aged, in order to achieve satisfactory 
NO, performance. 



